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RESOURCE-ADAPTIVE MANAGEMENT OF VIDEO STORAGE 

FIELD OF THE INVENTION 

The present invention is generally related to video, and more particularly related 
to video compression. 

BACKGROUND OF THE INVENTION 

It is desirable for television set-top terminals (STTs) to be able to store a large 
number of video presentations {e.g., movies) in digital form. One way to enable an STT 
to store a large number of digital video presentations is to include in the STT a storage 
device having a storage capacity sufficient to accommodate a large number of video 
presentations. This approach, however, may not be cost effective and/or may not enable 
the storage of as many video presentations as desired by a user. Therefore, there exists a 
need for systems and methods for addressing this and/or other problems associated with 
the storage of digital video presentations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention can be better understood with reference to the 
following drawings. The components in the drawings are not necessarily drawn to scale, 
emphasis instead being placed upon clearly illustrating the principles of the present 
invention. In the drawings, like reference numerals designate corresponding parts 
throughout the several views. 

FIG. 1 is a high-level block diagram depicting a non-limiting example of a 
subscriber television system. 

FIG. 2 is a block diagram of an STT in accordance with one embodiment of the 
present invention. 

FIGS. 3 A-3D are block diagrams illustrating examples of data flows in an STT. 

FIG. 4 is a flow chart depicting a non-limiting example of a video re-compression 
method that is implemented by the STT depicted in FIG. 1 , according to an embodiment 
of the invention. 

FIG. 5 is a flow chart depicting a non-limiting example of a video re-compression 
method that is implemented by the STT depicted in FIG. 1 , according to another 
embodiment of the invention. 
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FIG. 6 is a flow chart depicting a non-limiting example of a video re-compression 
method that is implemented by the STT depicted in FIG. 1, according to yet another 
embodiment of the invention. 

FIG. 7 is a flow chart depicting a non-limiting example of a video re-compression 
method that is implemented by. the STT depicted in FIG. 1, according to a further 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the invention can be understood in the context of a set- 
top terminal (SST) in a subscriber television system. In one embodiment of the invention, 
a non-compressed digitized video sequence is encoded in a first compressed format and is 
stored in a storage device as a video stream. At a later time, segments comprising a 
plurality of compressed pictures of the video stream are retrieved from the storage device 
in a sequential manner from a starting point and then decoded and reconstructed into 
respective non-compressed digitized pictures. After one or more pictures in the video 
stream are decoded and stored in memory, they are encoded into a second compressed 
format and stored in the storage device. A portion of the video stream that is in a first 
compressed format, and for which a copy has been created in a second compressed 
format, may be deleted. The second compressed format allows the video stream to be 
encoded using fewer bits, and, as a result, less storage capacity is used for storing the 
video stream. This and other embodiments will be described in more detail below with 
reference to the accompanying drawings. 

The accompanying drawings include FIGS. 1-7: FIG. 1 provides an example, 
among others, of a subscriber television system in which adaptive video compression may 
be implemented; FIG. 2 provides an example, among others, of an STT that may be used 
to perform adaptive video compression; FIGS. 3A-3D are block diagrams illustrating 
examples, among others, of data flow pursuant to adaptive video compression in an STT; 
and FIGS. 4-7 are flow charts depicting methods, among others, that can be used in 
implementing adaptive video compression in an STT. Note, however, that the invention 
may be embodied in many different forms and should not be construed as limited to the 
embodiments set forth herein. Furthermore, all examples given herein are intended to be 
non-limiting, among others, and are provided in order to help clarify the invention. 

FIG. 1 is a block diagram depicting a non-limiting example of a subscriber 
television system 100. Note that the subscriber television system 100 shown in FIG. 1 is 
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merely illustrative and should not be construed as implying any limitations upon the 
scope of the preferred embodiments of the invention. In this example, the subscriber 
television system 100 includes a headend 110 and an STT 200 that are coupled via a 
network 130. The STT 200 is typically situated at a user's residence or place of business 
and may be a stand-alone unit or integrated into another device such as, for example, the 
television 140. 

The headend 110 and the STT 200 cooperate to provide a user with television 
functionality including, for example, television programs, an interactive program guide 
(IPG), and/or video-on-demand (VOD) presentations. The headend 110 may include one 
or more server devices (not shown) for providing video, audio, and textual data to client 
devices such as STT 200. The headend 110 may further provide authorization signals or 
messages that enable the STT 220 to perform corresponding authorized functionality. 

The STT 200 receives signals (video, audio and/or other data) including, for 
example, MPEG-2 streams, among others, from the headend 110 through the network 130 
and provides any reverse information to the headend 110 through the network 130. The 
network 130 may be any suitable means for communicating television services data 
including, for example, a cable television network or a satellite television network, among 
others. 

FIG. 2 is a block diagram illustrating selected components of an STT 200 in 
accordance with one embodiment of the present invention. Note that the STT 200 shown in 
FIG. 2 is merely illustrative and should not be construed as implying any limitations upon 
the scope of the preferred embodiments of the invention. For example, in another 
embodiment, the STT 200 may have fewer, additional, and/or different components than 
illustrated in FIG. 2. 

The STT 200 preferably includes at least one processor 244 for controlling 
operations of the STT 200, an output system 248 for driving the television 140, and a tuner 
system 245 for tuning to a particular television channel or frequency and for sending and 
receiving various types of data to/from the headend 1 10. The STT 200 may, in another 
embodiment, include multiple tuners for receiving downloaded (or transmitted) data. The 
tuner system 245 enables the STT 200 to tune to downstream media and data transmissions, 
thereby allowing a user to receive digital or analog signals. The tuner system 245 includes, 
in one implementation, an out-of-band tuner for bi-directional quadrature phase shift keying 
(QPSK) data communication and a quadrature amplitude modulation (QAM) tuner (in band) 
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for receiving television signals. Additionally, a receiver 246 receives externally-generated 
user inputs or commands from an input device such as, for example, a remote control. 

In one implementation, video streams are received in STT 200 via communication 
interface 242 (e.g., a coaxial cable interface) and stored in a temporary memory cache. The 
temporary memory cache may be a designated section of memory 249 or another memory 
device connected directly to the communication interface 242. Such a memory cache may 
be implemented and managed to enable data transfers to storage device 263. 

The STT 200 may include one or more wireless or wired interfaces, also called 
communication ports 264, for receiving and/or transmitting data to other devices. For 
instance, the STT 200 may feature USB (Universal Serial Bus), Ethernet, IEEE-1394, serial, 
and/or parallel ports, etc. STT 200 may also include an analog video input port for receiving 
analog video signals. 

Input video streams and/or signals may be received by the STT 200 from different 
sources. For example, an input video stream or signal may comprise any of the 
following, among others: 

1- Broadcast analog video signals that are received from a headend 1 10 via 
network communication interface 242. 

2- Analog video signals that are received from a consumer electronics device 
(e.g., an analog video camcorder) via analog audio and video connectors (not 
shown) such as, for example, S-Video input or composite video input. 

3- A broadcast or on-demand digital video stream that is received from a headend 
1 10 via network communication interface 242. 

4- A digital video stream that is received from a digital consumer electronic 
device (such as a personal computer or a digital video camcorder) via a digital 
video interface or a home network interface such as USB, IEEE-1394 or Ethernet. 

5- A digital video stream that is received from an externally connected storage 
device (e.g., a DVD player) via a digital video interface or a communication 
interface such as IDE, SCSI, USB, IEEE-1394 or Ethernet. 

The STT 200 includes signal processing system 214, which comprises a 
demodulating system 213 and a transport demultiplexing and parsing system 215 (herein 
referred to as the demultiplexing system 215) for processing broadcast media content 
and/or data. One or more of the components of the signal processing system 214 can be 
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implemented with software, a combination of software and hardware, or hardware (e.g., 
an application specific integrated circuit (ASIC)). 

Demodulating system 213 comprises functionality for demodulating analog or 
digital transmission signals. For instance, demodulating system 213 can demodulate a 
digital transmission signal in a carrier frequency that was modulated as a QAM-modulated 
signal. When tuned to a carrier frequency corresponding to an analog TV signal, the 
demultiplexing system 215 may be bypassed and the demodulated analog TV signal that 
is output by demodulating system 213 may instead be routed to analog video decoder 
216. 

The analog video decoder 216 converts the analog TV signal into a sequence of 
digitized pictures along with their respective digitized audio. The digitized pictures and 
respective audio are output by the analog video decoder 216 in sequential display order 
and presented at the input of a compression engine 217. Simultaneously, the digitized 
pictures and respective audio may be also output to television 140 via the output system 
248. For instance, the digitized pictures and respective audio output by the analog video 
decoder 216 (in sequential display order) maybe presented at the input of a digital 
encoder (DENC (not shown)) that resides in media engine 222, and then output from 
media engine 222 to the output system 248. 

The compression engine 217 then converts the digital video and/or audio data into 
respective compressed video and audio streams according to a specified compression 
format. The format of the compressed audio and/or video streams may be produced in 
accordance with a video compression standard so that they can be interpreted by video 
decoder 223 and audio decoder 225 for decompression and reconstruction at a future 
time. 

Examples, among others, of currently known compression standards can be found 
in the following publications, which are hereby incorporated herein by reference in their 
entirety: 

(1) ISO/IEC International Standard IS 1 1 172-2, "Information technology - Coding 
of moving pictures and associated audio for digital storage media at up to about 
1.5 Mbits/s - Part 2: video," 1993; 

(2) ITU-T Recommendation H-262 (1996): "Generic coding of moving pictures 
and associated audio information: Video," (ISO/IEC 13818-2); 

(3) ITU-T Recommendation H.261 (1993): "Video codec for audiovisual services 
at px64 kbits/s"; and 
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(4) Draft ITU-T Recommendation H.263 (1995): "Video codec for low bitrate 
communications." 

(5) Draft ITU-T Recommendation H.264 (2003) (ISO/IEC 14496-10). 

In one embodiment, compression engine 217 is capable of receiving N digitized 
picture sequences, compressing, and outputting N compressed video streams with 
associated audio in parallel and in real-time. As used herein, N is a positive integer 
greater than 1 that characterizes the maximum number of compression operations in real- 
time that compression engine 217 is capable of performing. Each compressed stream 
may be compressed in one of a plurality of compression formats that are compatible with 
the capabilities of compression engine 217. Furthermore, each compressed stream may 
comprise a sequence of data packets containing a header and a payload. Each header may 
include a unique packet identification code (PID) associated with the respective 
compressed stream. 

Compression engine 217 multiplexes the audio and video compressed streams into 
a transport stream, such as, for example, an MPEG-2 transport stream. Furthermore, 
compression engine 217 can be configured to compress audio and video corresponding to 
more than one video program in parallel (e.g., two tuned analog TV signals when STT 
200 has multiple tuners), and to multiplex the respective audio and video compressed 
streams into a single transport stream. The output of compression engine 217 may be 
provided to the signal processing system 214. Note that video and audio data may be 
temporarily stored in memory 249 by one module prior to being retrieved and processed 
by another module. 

Demultiplexing system 215 can include MPEG-2 transport demultiplexing. When 
tuned to carrier frequencies carrying a digital transmission signal, demultiplexing system 
215 enables the extraction of packets of data corresponding to the desired video streams. 
Therefore, demultiplexing system 215 can preclude further processing of data packets 
corresponding to undesired video streams. 

The components of signal processing system 214 are preferably capable of QAM 
demodulation, forward error correction, demultiplexing MPEG-2 transport streams, and 
parsing packetized elementary streams. The signal processing system 214 is also capable 
of communicating with processor 244 via interrupt and messaging capabilities of STT 
200. Compressed video and audio streams that are output by the signal processing 214 
can be stored in storage device 263, or can be provided to media engine 222, where they 
can be decompressed by the video decoder 223 and audio decoder 225 prior to being 
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output to the television 140 (FIG. 1). In one embodiment, compressed video and audio 
streams that are output by the signal processing system 214 are stored in storage device 
263 and simultaneously provided to media engine 222, where they are decompressed by 
the video decoder 223 and audio decoder 225 prior to being output to the television 140 
(FIG. 1). 

One having ordinary skill in the art will appreciate that signal processing system 
214 may include other components not shown, including memory, decryptors, samplers, 
digitizers (e.g. analog-to-digital converters), and multiplexers, among others. 
Furthermore, components of signal processing system 214 can be spatially located in 
different areas of the STT 200, among others. 

Demultiplexing system 215 parses (i.e., reads and interprets) compressed streams 
to interpret sequence headers and picture headers, and deposits a transport stream 
carrying compressed streams into memory 249. The processor 244 interprets the data 
output by signal processing system 214 and generates ancillary data in the form of a table 
or data structure comprising the relative or absolute location of the beginning of certain 
pictures in the compressed video stream. In one embodiment, such ancillary data is used 
to identify the beginning of segments comprising consecutive pictures in a compressed 
stream, and to facilitate access to one or more of such segments. The ancillary data may, 
for example, facilitate a plurality of playback modes starting from a correct location in a 
video stream. The plurality of playback modes, also known as trick modes or random 
access operations, may include, for example, fast forward, slow forward play, normal 
speed play, fast reverse play, slow reverse play, and rewind. Each segment of compressed 
pictures may be retrieved and converted from a first video compression format to a 
second video compression format. 

A first compressed stream encoded with the first compression format can be 
generated by compression engine 217 at an earlier time or could possibly be generated by 
a different and unknown compression engine and received by STT 200 via a 
communication port such as, for example, communication interface 242. The first 
compression format may be characterized by a first compression computational 
complexity and a first decompression computational complexity. A second compression 
format may be characterized by a second compression computational complexity and a 
second decompression computational complexity. Compressing or decompressing a 
video segment having the second format requires more STT 200 resources that 
compressing or decompressing a corresponding video segment having the first format. 
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As will be described in more detail below, in a first operating mode, conversion or 
transcoding is performed segment by segment, on a non-real time basis by accessing one 
segment of a first compressed video stream at a time from storage device 263. According 
to one embodiment of the invention, the speed of a transcoding operation is determined 
by the amount of available resources in the STT 220 (e.g., memory, memory bus 
bandwidth, and encoder processing). 

As will be described in more detail below, in a second operating mode, a 
transcoding operation is performed in real-time by accessing consecutive segments of a 
first compressed stream from storage device 263 in an orchestrated fashion according to 
the availability of resources in the STT 220. Note that consecutive pictures in any 
compressed stream are not necessarily in a picture display order but may be ordered 
according to the syntax and semantics of the respective video compression format 
employed to encode the compressed stream. 

In one embodiment of the invention, a plurality of tuners and respective 
demodulating systems 213, demultiplexing systems 215, and signal processing systems 
214 may simultaneously receive and process a plurality of respective broadcast digital 
video streams. Alternatively, a single demodulating system 213, a single demultiplexing 
system 215, and a single signal processing system 214, each with sufficient processing 
capabilities may be used to process a plurality of digital video streams. 

In yet another embodiment, a first tuner in tuning system 245 receives an analog 
video signal corresponding to a first video channel and a second tuner simultaneously 
receives a digital compressed stream corresponding to a second video channel. The video 
signal of the first video channel is converted into a digital format. The second video 
stream and/or a compressed digital version of the first video stream may be stored in the 
storage device 263. Data annotations for each of the two streams may be performed to 
facilitate future retrieval of the video streams from the storage device 263. The first video 
stream and/or the second video stream may also be routed to media engine 222 for 
decoding and subsequent presentation via television 140 (FIG. 1). 

A plurality of compression engines 217 may be used to simultaneously compress 
a plurality of analog video programs. Alternatively, a single compression engine 217 
with sufficient processing capabilities may be used to compress a plurality of analog 
video programs. Compressed digital versions of respective analog video programs may 
be stored in the storage device 263. Data annotations for each generated compressed 
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video stream may be performed to facilitate future retrieval of the video streams from 
storage device 273 (e.g., for performing a transcoding operation). 

The STT 200 includes at least one storage device 263 for storing video streams 
received by the STT 200. The storage device 263 may be any type of electronic storage 
device including, for example, a magnetic, optical, or semiconductor based storage 
device. The storage device 263 preferably includes at least one hard disk 201 and a 
controller 269. A (digital video recorder) DVR application 267, in cooperation with the 
device driver 211, effects, among other functions, read and/or write operations to the 
storage device 263. The controller 269 receives operating instructions from the device 
driver 21 1 and implements those instructions to cause read and/or write operations to the 
hard disk 201 . Herein, references to write and/or read operations to the storage device 
263 will be understood to mean operations to the medium or media (e.g., hard disk 201) 
of the storage device 263 unless indicated otherwise. 

The storage device 263 is preferably internal to the STT 200, and coupled to a 
common bus 205 through an interface (not shown), such as, for example, among others, an 
integrated drive electronics (IDE) interface that allows internal or external connections. 
Alternatively, the storage device 263 can be externally connected to the STT 200 via a 
communication port 264. The communication port 264 may be, for example, a small 
computer system interface (SCSI), an IEEE-1394 interface, or a universal serial bus (USB), 
among others. 

The device driver 211 is a software module preferably resident in the operating 
system 253. The device driver 211, under management of the operating system 253, 
communicates with the storage device controller 269 to provide the operating instructions 
for the storage device 263. As device drivers and device controllers are well known to 
those of ordinary skill in the art, further discussion of the detailed working of each will 
not be described further here. 

In a preferred embodiment of the invention, information pertaining to the 
characteristics of a recorded video stream is contained in program information file 203 
and is interpreted to fulfill the specified playback mode in the request. The program 
information file 203 may include, for example, the packet identification codes (PIDs) 
corresponding to the recorded video stream. The requested playback mode is 
implemented by the processor 244 based on the characteristics of the compressed data 
and the playback mode specified in the request. Video and/or audio streams that are to be 
retrieved from the storage device 263 for playback may be deposited in an output cache 
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corresponding to the storage device 263, transferred to memory 249, and then transferred 
to the media memory 224, from where they may be retrieved and processed for playback 
by the media engine 222. 

In one embodiment of the invention, the operating system (OS) 253, device driver 
211, and controller 269 cooperate to create a file allocation table (FAT) comprising 
information about hard disk clusters and the files that are stored on those clusters. The 
OS 253 can determine where a file's data is located by examining the FAT 204. The FAT 
204 also keeps track of which clusters are free or open, and thus available for use. 

The DVR application 267 provides a user interface that can be used to select a 
desired video presentation currently stored in the storage device 263. The DVR 
application may also be used to help implement requests for trick mode operations in 
connection with a requested video presentation, and to provide a user with visual 
feedback indicating a current status of a trick mode operation (e.g., the type and speed of 
the trick mode operation and/or the current picture location relative to the beginning 
and/or end of the video presentation). 

The DVR application is further capable of displaying visual feedback pertaining 
to the status of a transcoding operation. The visual feedback may indicate whether a 
transcoding operation is being performed. The visual feedback may also include one or 
more of the following: 

1 . A time that a first non-real-time transcoding operation was initiated. 

2. A projected ending time for the first non-real-time transcoding operation. 

3. An indication as to whether a program undergoing format conversion via a first 
non-real-time transcoding operation may be viewed while it is being transcoded. 

4. Instructions to a viewer for aborting a transcoding operation (e.g., via designated 
user input(s)). A viewer may wish to abort a transcoding operation in order to 
free-up STT 200 resources for performing other STT 200 functionality. 

5. Instructions to a viewer for postponing a transcoding operation. 

6. Instructions to a viewer for stopping a transcoding operation (e.g. , leaving a first 
part of a program in a second compression format generated by the transcoding 
operation and the remainder of the program in a first compression format (i.e., a 
non-transcoded format). In this manner, the viewer may be able to view a video 
presentation comprising a first portion encoded in a second format (e.g., a 
transcoded format) and a second portion encoded in a first format (e.g., a 
received format). 
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The DVR application 267 may be implemented in hardware, software, firmware, 
or a combination thereof In a preferred embodiment, the DVR application 267 is 
implemented in software that is stored in memory 249 and that is executed by processor 
244. The DVR application 267, which comprises an ordered listing of executable 
instructions for implementing logical functions, can be embodied in any computer- 
readable medium for use by or in connection with an instruction execution system, 
apparatus, or device, such as a computer-based system, processor-containing system, or 
other system that can fetch the instructions from the instruction execution system, 
apparatus, or device and execute the instructions. 

When an application such as DVR application 267 creates (or extends) a video 
stream file, the operating system 253, in cooperation with the device driver 211, queries 
the FAT 204 for an available cluster for writing the video stream. As a non-limiting 
example, to buffer a downloaded video stream into the storage device 263, the DVR 
application 267 creates a video stream file and file name for the video stream to be 
downloaded. The DVR application 267 causes a downloaded video stream to be written 
to the available cluster under a particular video stream file name. The FAT 204 is then 
updated to include the new video stream file name as well as information identifying the 
cluster to which the downloaded video stream was written. 

If additional clusters are needed for storing a video stream, then the operating 
system 253 can query the FAT 204 for the location of another available cluster to 
continue writing the video stream to hard disk 201 . Upon finding another cluster, the 
FAT 204 is updated to keep track of which clusters are linked to store a particular video 
stream under the given video stream file name. The clusters corresponding to a particular 
video stream file may be contiguous or fragmented. A defragmentor, for example, can be 
employed to cause the clusters associated with a particular video stream file to become 
contiguous. 

In one embodiment, the STT 200 (e.g., as directed by the DVR application 267) 
may output a received analog video signal (e.g., a tuned analog channel) to the television 
140 while simultaneously compressing the signal in a first compression format (e.g., by 
compression engine 217), and storing it as a first compressed stream in the storage device 
263, all on a real-time basis. According to another embodiment, while the STT 200 is 
compressing and storing a received analog video signal, a time-shift operation may be 
implemented by retrieving the corresponding first compressed video from storage device 
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263 after a predetermined small time-delay period (e.g., a predetermined time after the 
video stream in stored), decompressing it in media engine 222 and outputting it to the 
television 140 to effect real-time normal playback mode. 

According to a further embodiment, the digitized and compressed analog video 
signal is decompressed and output to the television 140 only in response to user input 
requesting the corresponding video presentation. According to yet another embodiment, 
the digitized and compressed analog video signal is decompressed and output to the 
television 140 in a different playback mode or time-shifted by a longer time-delay only in 
response to user input requesting the corresponding video presentation to be played as 
such or to resume normal playback after a pause of the video presentation caused by the 
user. 

The STT 200 (e.g., as directed by the DVR application 267) may also store a 
received compressed video stream (having a first format) in the storage device 263 while 
simultaneously decompressing the compressed stream in media engine 222 and outputting 
it to the television 140, all in real-time. Alternatively, the received compressed video 
stream is decompressed and output to the television 140 only in response to user input 
requesting the corresponding video presentation. According to yet another embodiment, 
the received compressed video stream is decompressed and output to the television 140 in 
a different playback mode or time-shifted by a longer time-delay only in response to user 
input requesting the corresponding video presentation to be played as such or to resume 
normal playback after a pause of the video presentation caused by the user. 

As will be explained in more detail below, the STT 200 (e.g., as directed by the 
DVR application 267) may transcode a first compressed stream having a first 
compression format to a second compressed stream having a second compression format 
(e.g., of higher computational complexity than the first compression format). The second 
compressed stream may subsequently be decompressed and output to a television 140 
responsive to user input. Transcoding a first compressed stream may involve retrieving 
the first compressed stream from the storage device 263, decompressing the first 
compressed stream, and then re-compressing the decompressed stream in a second 
format, as explained further below. 

A video presentation that is in the process of being transcoded may be output to a 
television 140 prior to the completion of the transcoding operation (e.g., responsive to 
user input requesting playback of the video presentation). For example, a first portion of 
the video presentation having a second compressed format (i.e., the transcoded format) 
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and a second portion of the video presentation having a first compressed format may be 
retrieved from the storage device 263, decompressed by the media engine 22 and output 
to the television 140. 

As an example of time-shift functionality, the DVR application 267 in STT 200 is 
capable of displaying a tuned channel on television 140 while simultaneously storing it in 
compressed format in storage device 263 in real-time. In a preferred embodiment, a 
received analog video signal in STT 200 is displayed on television 140 and 
simultaneously compressed to a first compression format by compression engine 217 and 
stored as a first compressed stream in storage device 263. At a later time, according to 
resource availability as explained below, DVR application 267 causes STT 200 to retrieve 
the first compressed stream, decompression of the first compressed stream in media 
engine 222 to obtain reconstructed pictures, compression of the reconstructed pictures to 
a second compressed stream representative of a second compression format of higher 
computational complexity by employing compression engine 217, and storage of the 
second compressed stream in storage device 263. At yet a later time, DVR application 
267 retrieves the second compressed stream, and responsive to a requested playback 
mode by the viewer, decompresses it in media engine 222 and displays on television 140. 

As another example of time-shift functionality, the DVR application 267 causes 
STT 200 to compress a received analog video signal to a first compression format using 
compression engine 217and to be stored it in storage device 263 as a first compressed 
video stream in real-time. While simultaneously conducting the compression and storage 
of the received analog video channel, the time-shift operation is effected by causing the 
retrieval of the first compressed video stream by a delayed amount of time from storage 
device 263, decompressing it in media engine 222 and displaying it in television 140. At 
a later time, according to resource availability as explained below, DVR application 267 
causes the retrieval of the first compressed stream once again, decompression of the first 
compressed stream in media engine 222 to obtain reconstructed pictures, compression of 
the reconstructed pictures to a second compressed stream representative of a second 
compression format of higher computational complexity by employing compression 
engine 217, and storage of the second compressed stream in storage device 263. At yet a 
later time, DVR application 267 retrieves the second compressed stream, and responsive 
to a requested playback mode by the viewer, decompresses it in media engine 222 and 
displays on television 140. 
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As yet another example of time-shift functionality, the DVR application 267 
causes STT 200 to store a received compressed video stream in storage device 263 while 
simultaneously decompressing the compressed stream in media engine 222 and 
displaying it to television 140. The received compressed video stream is representative of 
a first compression format. At a later time, according to resource availability as explained 
below, DVR application 267 causes the retrieval of the first compressed stream, 
decompression of the first compressed stream in media engine 222 once again to obtain 
reconstructed pictures, compression of the reconstructed pictures to a second compressed 
stream representative of a second compression format of higher computational 
complexity by employing compression engine 217, and storage of the second compressed 
stream in storage device 263. At yet a later time, DVR application 267 retrieves the 
second compressed stream, and responsive to a requested playback mode by the viewer, 
decompresses it in media engine 222 and displays on television 140. 

As an example of a record operation set by a subscriber, the DVR application 267 
in STT 200 receives an analog video signal in STT 200 and compresses it to a first 
compression format by employing compression engine 217, and stores it as a first 
compressed stream in storage device 263. At a later time, according to resource 
availability as explained below, DVR application 267 causes STT 200 to retrieve the first 
compressed stream, to decompress the first compressed stream in media engine 222 to 
obtain reconstructed pictures, to compress the reconstructed pictures to a second 
compressed stream representative of a second compression format of higher 
computational complexity by employing compression engine 217, and to store the second 
compressed stream in storage device 263. At yet a later time, DVR application 267 
retrieves the second compressed stream, and responsive to a requested playback mode by 
the viewer, decompresses it in media engine 222 and displays on television 140. 

As another example of a record operation set by a subscriber, the DVR application 
267 causes STT 200 to store a received compressed video stream with a first compression 
format in storage device 263. At a later time, according to resource availability as 
explained below, DVR application 267 causes the retrieval of the first compressed stream, 
decompression of the first compressed stream in media engine 222 to obtain reconstructed 
pictures, compression of the reconstructed pictures to a second compressed stream 
representative of a second compression format of higher computational complexity by 
employing compression engine 217, and storage of the second compressed stream in 
storage device 263. At yet a later time, DVR application 267 retrieves the second 

14 



Patent Application 
HP Docket D-8772 

compressed stream, and responsive to a requested playback mode by the viewer, 
decompresses it in media engine 222 and displays on television 140. 

FIG. 3A is a simplified block diagram depicting data flow in an STT 200, 
according to one embodiment of the invention. According to the example illustrated in 
FIG. 3 A, a compressed video stream segment 31 1 is retrieved from the storage device 263 
and is forwarded to a decoder 223, where it is decoded. The decompressed (i.e., 
reconstructed) segment 312 output by the decoder 223 is then forwarded to an encoder 
217 where it is compressed. 

The memory 302 may serve as an interim repository for transferring data or as the 
repository where a decode operation outputs decoded pictures and for which encoder 217 
inputs pictures to be compressed. For instance, the compressed video stream segment 
31 1 is retrieved from the storage device 263 and placed in a section of memory 302 
corresponding to an input buffer (not shown). The processor 244 (FIG. 2) initiates the 
retrieval operation and assists in initiating and controlling data transfers in a time- 
coordinated manner. The decoder 223 receives and decodes the compressed video stream 
segment 31 1. A video stream segment 312 comprising decompressed (i.e., reconstructed) 
pictures is output by the decoder 223 to memory 302. The video stream segment 312 is 
then provided to the encoder 217 for compression. Compressed pictures output by 
encoder 217 are placed in memory 302. The processor 244 generates new annotations as 
needed for the ancillary data corresponding to the transcoded video segment. The 
transcoded video segment is written to the storage device 263 as part of a new file. The 
ancillary data may be written to storage device 263 each time a write operation of 
transcoded video segment is performed. Alternatively, among other options, the ancillary 
data may be written each time multiple transcoded video segments are written to the 
- storage device 263. 

Under control of processor 244 and with the assistance of signaling and. interrupt 
mechanisms (not shown) in STT 200, the retrieval, decompression, compression and 
write operations are time-coordinated with appropriate delays (e.g., are time staggered) in 
order to effectively implement parallel processing, preferably. 

In an alternative embodiment, the decoder 223 and the encoder 217 may each 
store and/or retrieve data in/from a separate memory device. A compressed segment 313 
output by the encoder 217, is then forwarded to the storage device 263 for storage. Since 
the bit-rate of the segment 313 is lower than the bit-rate of the segment 311, converting 
the segment 31 1 to the segment 313 reduces the amount of storage capacity needed for 

15 



Patent Application 
HP Docket D-8772 

storing a corresponding video stream. Note that in an alternative embodiment, the 
functionality performed by the decoder 223 and by the encoder 217 can be performed by 
a single module. 

In one embodiment, a compressed segment produced by the encoder 217 during a 
transcoding operation is in an interim state having an interim level of compression. The 
interim compression state adheres to a desired compression format specification that 
enables it to be decoded by a decoder (e.g., video decoder 223) capable of decoding such 
compression format. For instance, due to lack of available resources at a particular point 
in time, the encoder 217 may produce a compressed segment comprising only I pictures 
during a first phase of a transcoding operation. A subsequent transcoding operation or a 
second phase of the transcoding operation would then produce a more-compressed 
version of the video segment while complying with the same compression format 
specification. For instance, some of the compressed I pictures may be converted to B 
and/or P pictures during a subsequent compression operation. 

According to one embodiment, a first transcoding operation may be performed in 
real-time while consuming fewer STT resources (e.g., memory, memory bus bandwidth, 
and encoder processing). The first transcoding operation may produce, for example, I 
pictures but not B and P pictures. Subsequent transcoding operations for achieving higher 
compression are then performed on a non-real-time basis while consuming a higher 
amount of one or more resources. Furthermore, each transcoding operation (or portion of 
a transcoding operation) may be performed on a real-time or non-real time basis 
depending on one or more factors including, for example, whether sufficient STT 200 
resources are available for performing the transcoding operation on a real-time basis. 

The results of each transcoding operation may also be responsive to resource 
availability. For example, if there are insufficient resources for performing a first type of 
transcoding operation that yields a first level of compression, compression format, and/or 
picture resolution, then a second type of transcoding operation that yields a second level 
of compression, compression format, and/or picture resolution, may be performed instead. 
Furthermore, the timing and/or number of transcoding operation that are performed on a 
video stream may be responsive to the availability of STT resources, as will be explained 
in more detail below. 

FIGS. 3B-3D depict non-limiting examples, among others, of transcoding 
schemes that may be implemented via an STT 200. According to the example illustrated 
in FIG. 3B, a first compressed stream 301 having a first compressed format (e.g., MPEG- 
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2), is retrieved from the storage device 263 (in an STT 200-1) and is forwarded to an 
MPEG-2 decoder 223-1, where it is decoded (i.e., decompressed). The first compressed 
stream 301 is retrieved from some predetermined beginning point, such as the start of a 
recorded program or a point where a prior transcoding operation had ended. Segments 
comprising consecutive pictures in the first compressed stream 301 are accessed 
consecutively and provided to the decoder 223-1 . One or more consecutive segments of 
compressed pictures may be accessed and converted from a first video compression 
format to a second video compression format in the STT 200-1. 

Decompressed pictures 302 output by the MPEG-2 decoder 223-1 are forwarded 
to an H.264 encoder 217-2 where they are compressed in an H.264 format. In one 
embodiment, the retrieval and transcoding of first compressed stream 301 is performed in 
an orchestrated fashion on a segment-by-segment basis. The conversion, or transcoding 
operation, from a first to a second compression format may be performed in real-time if 
the STT 200 has sufficient resources available (e.g., due to low demand for resources by 
other STT operations). Examples of available STT resources include, among others, 
amount of memory, memory bus bandwidth, instruction execution capacity, encoding 
capacity in an encoder, and decoding capacity in a decoder. 

The H.264 data 303 output by the H.264 encoder 217-2 is then forwarded to the 
storage device 263 for storage. Since the bit-rate of the H.264 data 303 is lower than the 
bit-rate of the MPEG-2 data 301, converting the MPEG-2 data 301 to the H.264 data 303 
reduces the amount of storage capacity needed for storing a corresponding video stream. 
Note that in an alternative embodiment, the functionality performed by the MPEG-2 
decoder 223-1 and by the H.264 encoder 217-2 can be performed by a single module 
(e.g., compression engine 217 (FIG. 2)). 

The compression engine 217 is preferably capable of performing a number of 
operations in parallel according to its internal throughput capabilities and the amount of 
resources available. For example, the compression engine 217 may be capable of 
decoding and/or encoding segments of a video stream on a real-time basis and/or on a 
non-real-time basis. The compression engine 2 1 7 may be provided with video segments 
to be compressed from the storage device 263 and/or from another memory device. 
Compressed pictures output by the compression engine 217 may be ordered as specified 
by the syntax and semantics of a selected compression format. The output of the 
compression engine 217 may be stored in a compressed-bit-buffer prior to being 
transferred to storage device 263. 
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In another embodiment, the STT 200 is capable of performing decompression and 
compression operations in parallel. The parallel decompression and compression 
operations, or parts thereof, may be performed on a real time basis and/or on a non-real- 
time basis. The STT 200 may be configured to perform compression and decompression 
operation involving a plurality of respective picture sizes {i.e., picture resolutions), 
picture frame rates, and compression formats. 

For illustration purposes (but without limitations), assuming that STT 200 is 
capable of encoding and decoding using two compression formats {e.g., MPEG-2 and 
H.264), two picture sizes (SD and HD), and two picture rates {e.g., 24 Hertz and 30 
Hertz), then the STT 200 would be able to encode pictures using one of eight 
combinations of compression format, picture size, and picture rate and/or decode pictures 
using one of eight such combinations. As one example, among others, the available 
resources of the STT 200 may enable the operations identified in Table 1 to be performed 
in real-time and in parallel: 

Table 1, examples of combinations of operations that may be performed in parallel 





1 st picture size 
at 1 st picture 
rate 


1st picture size 
at 2nd picture 
rate 


2nd picture size 
at 1 st picture 
rate 


2nd picture size 
at 2nd picture 
rate 


Encode in 1 st 
compression 
format 


0 


0 


0 


0 


Encode in 2nd 

compression 

format 


2 

Operations 


1 

Operation 


0 


0 


Decode in 1 st 
compression 
format 


0 


0 


2 

Operations 


0 


Decode in 2nd 

compression 

format 


0 


0 


0 


0 



The two top rows of Table 1 span the eight combinations of compression format, 
picture size, and picture rate for encoding while the two bottom two rows span the eight 
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combinations for decompression. In this non-limiting example, the compression engine 
217 is capable of performing three compression operations in parallel (e.g., SD picture 
size in H.264 format) with two decompression operations (e.g., HD picture size in 
MPEG-2 format). As a non-limiting example, Table 1 conveys that STT 200 is capable 
of transcoding two MPEG-2 HD video streams to H.264 SD video streams and 
compressing an analog channel, all in real-time and in parallel. 

Note that encoding or decoding an HD video stream requires more STT 200 
resources than encoding or decoding an SD video stream. Furthermore, encoding or 
decoding a video stream having an H.264 format requires more STT 200 resources than 
encoding or decoding a video stream having an MPEG-2 format. Therefore, an SD video 
stream that is in an MPEG-2 format is more likely to be transcoded to an H.264 format in 
real-time than an HD video stream that is in an MPEG-2 format. Furthermore, an HD 
video stream in MPEG-2 format may be downscaled to SD and transcoded to H.264 
format in real-time instead of being transcoded to an H.264 format in its larger picture 
resolution. Other examples may include performing fewer, different, and/or additional 
operations than shown in the foregoing table. Note that fewer resources may be required 
to enable an operation on a non-real-time basis than on a real-time basis. 

Estimates for STT resources required to perform a compression or decompression 
operation are pre-calculated for worst-case conditions for each combination of 
compression format, picture size, picture rate, and time factor. The time factor identifies 
whether the operation is performed in real-time and provides a plurality of completion 
times for non-real-time operations. These estimates are stored in memory 249 and are 
accessible by processor 244 during a transcoding operation. 

A transcoding operation from a first picture size to a second picture size may be 
enabled by sample-rate converters or scaling filters of multiple taps and phases in media 
engine 222 as the pictures are being reconstructed (i.e., decompressed). In another 
embodiment, the compression engine 217 can perform the scaling with sample-rate 
converters or scaling filters of multiple taps and phases as the pictures are input for 
compression. For example, in transcoding an HD video stream in an MPEG-2 format to 
an SD video stream in an H.264 format, the HD MPEG-2 compressed stream is 
decompressed, the HD pictures are reconstructed, sample-rate converters or filters 
downscale the reconstructed HD pictures to SD pictures, and the SD pictures are 
compressed to the H.264 compression format. 
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A resource supervisor 268 (FIG. 2) may monitor and keep track of decompression 
and compression operations being performed by the STT 200. The resource supervisor 
268 keeps track of resource consumption for different time intervals from the resource 
consumption estimates stored in memory 249 for the respective operations that are 
currently executing and scheduled to be executed in STT 200. The resource supervisor 
268 manages grants for compression and decompression operations requested by the 
DVR application 267 (FIG. 2) by determining available resources. The resource 
supervisor 268 grants permission for a real-time operation if sufficient resources are 
available either indefinitely or for an estimated time period. The resource supervisor 268 
schedules non-real-time compression and decompression operations based on available 
resources and estimates of resources required for performing such operations. 

FIG. 3C is a simplified block diagram depicting data flow in an STT 200-2, 
according to one embodiment of the invention. According to the example illustrated in 
FIG. 3C, H.264 data 321 are retrieved from the storage device 263 and are forwarded to 
an H.264 decoder 223-2, where they are decoded. The decompressed data 322 output by 
the H.264 decoder 223-2 is forwarded to an H.264 encoder 217-2 where they are 
compressed in an H.264 format. The H.264 data 323 output by the H.264 encoder 217-2, 
which has a lower bit-rate than the H.264 data 32 1 , is then forwarded to the storage 
device 263 for storage. Since the bit-rate of the H.264 data 323 is lower than the bit-rate 
of the H.264 data 321, converting the H.264 data 321 to H.264 data 323 reduces the 
amount of storage capacity needed for storing a corresponding video stream. Note that in 
an alternative embodiment, the functionality performed by the H.264 decoder 223-2 and 
by the H.264 encoder 217-2 can be performed by a single module. The transcoding 
operation depicted in FIG. 3C may be a multiple phase transcoding operation or it may be 
a transcoding operation for converting a larger picture size, such as HD, to a smaller 
picture size such as SD. 

FIG. 3D is a simplified block diagram depicting data flow in an STT 200-3, 
according to one embodiment of the invention. According to the example illustrated in 
FIG. 3D, MPEG-2 data 331 is retrieved from the storage device 263 and are forwarded to 
an MPEG-2 decoder 223-1 , where they are decoded. The decompressed data 332 output 
by the MPEG-2 decoder 223-1 is forwarded to an MPEG-2 encoder 217-1 where they are 
compressed in an MPEG-2 format. The MPEG-2 data 333 output by the MPEG-2 
encoder 217-1, which has a lower-bit rate than the MPEG-2 data 331, is then forwarded 
to the storage device 263 for storage. Since the bit-rate of the MPEG-2 data 333 is lower 
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than the bit-rate of the MPEG-2 data 331, converting the MPEG-2 data 331 to the MPEG- 
2 data 333 reduces the amount of storage capacity needed for storing a corresponding 
video stream. Note that in an alternative embodiment, the functionality performed by the 
MPEG-2 decoder 223-1 and by the MPEG-2 encoder 217-1 can be performed by a single 
module. 

FIG. 4 is a flow chart depicting a non-limiting example of a method that may be 
implemented by the STT 200 depicted in FIG. 1, according to an embodiment of the 
invention. A video stream is encoded in a first compressed format and is stored in a 
storage device, as indicated in steps 401 and 402, respectively. At a later time, a video 
stream segment is retrieved from the storage device and is decoded, as indicated in steps 
403 and 404, respectively. For non-real time transcoding operations, a decoded video 
segment may be stored in memory prior to being encoded at a later time. 

After the video stream segment is decoded, it is then encoded in a second 
compressed format and is stored in the storage device, as indicated in steps 405 and 406, 
respectively. Steps 404 and 405 may be scheduled to be performed during time periods 
where sufficient STT resources are available for decoding and encoding the video 
segment. Furthermore, steps 403-406 may be repeated (i.e., transcoding additional 
segment(s) and storing them in the storage device) until the entire video stream has been 
transcoded. For example, as indicated by step 407, the method returns to step 403 if there 
are additional video segments remaining to be transcoded. The second compressed 
format achieved by step 405 allows the video stream (or a portion thereof) to be encoded 
using fewer bits. As a result, less storage capacity is used for storing the video stream 
after is encoded in the second compressed format. 

FIG. 5 is a flow chart depicting a non-limiting example of another method that 
may be implemented by the STT 200 depicted in FIG. 1, according to an embodiment of 
the invention. A video stream is encoded at a first bit-rate and is stored in a storage 
device, as indicated in steps 501 and 502, respectively. At a later time, a video stream 
segment is retrieved from the storage device and is decoded, as indicated in steps 503 and 
504, respectively. The decoded pictures may be stored in memory along with information 
that may be used to enable an encoder to re-encode the decoded pictures. The video 
stream segment may then be encoded at a second bit-rate that is lower than the first bit- 
rate, as indicated in step 505. Steps 504 and 505 may be scheduled to be performed 
during time periods where sufficient STT resources are available for decoding and 
encoding the video segment. 
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After the video stream segment is encoded at the second bit-rate, it is stored in the 
storage device, as indicated in step 506. Steps 503-506 may be repeated (i.e., transcoding 
additional segment(s) and storing them in the storage device) until the entire video stream 
has been transcoded. For example, as indicated by step 507, the method returns to step 
503 if there are additional video segments remaining to be transcoded. Encoding the 
video stream (or a portion thereof) at the second bit rate results in less storage capacity 
being used for storing the video stream. 

FIG. 6 is a flow chart depicting a non-limiting example of a method 600 according 
to one embodiment of the invention. In step 601, video data is received by an STT 200. 
If the received video data is in an analog format (e.g., received via an analog video 
channel), then the video data is digitized by the STT 200. Then in step 602, the video 
data is compressed in a manner that is responsive to the availability of STT 200 
computing resources and/or to one or more characteristics of the received video stream. 

For example, among others, the STT 200 may compress the video data in an 
H.264 format if the STT 200 has sufficient processing and bus bandwidth resources to do 
so in real-time without interfering with other STT 200 functionality; otherwise, the STT 
200 may initially compress the video data in an MPEG-2 format, thereby imposing fewer 
demands on current STT 200 resources. As another example, if the video data is received 
in a compressed format such as, for example, MPEG-2 or H.264 (e.g., from a digital 
channel), then the STT 200 may initially store the received video data without subjecting 
it to further compression. 

The compressed video data may then be re-compressed at a future time in a 
manner that is responsive to the availability of STT 200 computing resources and/or to 
one or more characteristics of the compressed video data, as indicated in step 603. For 
example, among others, if the compressed video data is in an MPEG-2 format, then it 
may be decoded and re-compressed in an H.264 format. As another example, the re- 
compression may be performed during one or more time intervals when there are little or 
no competing demands for STT 200 computing resources. 

Each segment of the video data may be compressed and/or recompressed 
separately from the other segment during a designated time period when sufficient STT 
resources are available. Furthermore, the picture size, frame rate, and compression 
format may be responsive to available STT resources. In one embodiment, among others, 
step 602 may be performed on a real-time basis, while step 603 may be performed on a 
non-real time basis. 
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The manner in which received video data is compressed and/or recompressed may 
be responsive to, for example, among others, one or more of the following factors: 

A) The format of the received video data (e.g., MPEG-2, H.264, analog, 
proprietary, among others). 

B) The bit rate of the received video data. 

C) The picture size corresponding to the received video data. 

D) The frame rate of the received video data. 

E) The color characteristics of the received video data. 

F) The complexity of the received video data. 

G) The frame types ( I, P, and/or B) that are included in the received video data. 

H) The availability of STT 200 processing resources. 

I) The availability of STT 200 memory resources. 

J) The availability of STT 200 bus bandwidth resources. 
K) The availability of STT 200 storage capacity. 
L) The rate of access to available storage capacity. 

M) The number of encoding and decoding operations that may be required to be 
performed in parallel (e.g., MPEG-2 encoding, MPEG-2 decoding, H.264 
encoding, and/or H.264 decoding). 
N) The pattern of subscriber usage of the STT 200. 

Furthermore, the manner in which a received video data is compressed and/or 
recompressed affects one or more of the following: 

O) The picture size of the compressed and/or recompressed video data. 

P) The types of frames (e.g., I, P, and/or B) included in the compressed and/or 

recompressed video data. 

Q) The bit rate of the compressed and/or recompressed video data. 

R) The time taken to compress and/or recompress the received video data. 

S) Whether the recompression of the received video data is scheduled for a future 

time. 

T) The time(s) scheduled for the recompression of the received video data. 

In other words, one or more of the above characteristics O, P, Q, R, S, and T are 
responsive to one or more of the above factors A, B, C, . . and N. 



23 



Patent Application 
HP Docket D-8772 

FIG. 7 is a flow chart depicting a non-limiting example of a method 700 according 
to one embodiment of the invention. Consumption of STT 200 resources is monitored at 
designated time periods, as indicated in step 701 . For example, among others, memory, 
processing and bus bandwidth usage in the STT 200 may be monitored and/or 
approximated over a plurality of days, weeks, or months. Then, a video data is received, 
as indicated in step 702. If the video data is received in an analog format, then it is 
digitized by the STT 200. The video data is then compressed as indicated in step 703. A 
first plurality of time periods are scheduled for decoding respective video segments (of 
the received video data) having a first bit-rate, as indicated in step 704. Furthermore, a 
second plurality of time periods are scheduled for encoding the decoded video segments 
at a second bit-rate that is lower than the first bit-rate, as indicated in step 705. The video 
segments are then decoded at the respectively scheduled first plurality of time periods, as 
indicated in step 706. The video segments are then encoded at the respectively scheduled 
second plurality of time periods, as indicated in step 707. 

The steps depicted in FIGS. 4-7 may be implemented using modules, segments, or 
portions of code which include one or more executable instructions. In an alternative 
implementation, functions or steps depicted in FIGS. 4-7 may be executed out of order 
from that shown or discussed, including substantially concurrently or in reverse order, 
depending on the functionality involved, as would be understood by those of ordinary 
skill in the art. 

The functionality provided by the methods illustrated in FIGS. 4-7, can be 
embodied in any computer-readable medium for use by or in connection with a computer- 
related system (e.g., an embedded system) or method. In this context of this document, a 
computer-readable medium is an electronic, magnetic, optical, semiconductor, or other 
physical device or means that can contain or store a computer program or data for use by 
or in connection with a computer-related system or method. Furthermore, the 
functionality provided by the methods illustrated in FIGS. 4-7 can be implemented 
through hardware (e.g., an application specific integrated circuit (ASIC) and supporting 
circuitry), software, or a combination of software and hardware. 

It should be emphasized that the above-described embodiments of the invention 
are merely possible examples, among others, of the implementations, setting forth a clear 
understanding of the principles of the invention. Many variations and modifications may 
be made to the above-described embodiments of the invention without departing 
substantially from the principles of the invention. All such modifications and variations 
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are intended to be included herein within the scope of the disclosure and invention and 
protected by the following claims. In addition, the scope of the invention includes 
embodying the functionality of the preferred embodiments of the invention in logic 
embodied in hardware and/or software-configured mediums. 
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